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CONVERSION FACTORS

Multiply inch-pound unit by To obtain ST unit
Length

inch (in.) 2.54 centimeter (cm)

foot (ft) 30.48 centimeter (cm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

foot per mile (ft/mi) meter per kilometer (m/km)
Area

square mile (mi?) 2.590 square kilometer (km?)
Volume

gallons 3.785 liter (L)

cubic foot (ft3) 0.02832 cubic meter (m3)

cubic foot (ft3) 28.32 liter (L)

Flow
cubic foot per second 0.02832 cubic meter per second
(ft3/s) (m3/s)

Temperature conversion formula: °F = 1.8 x °C + 32

Sea level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada, formerly called "Sea Level Datum of 1929."



HYDROGEOCHEMICAL DATA FROM AN ACIDIC DEPOSITION STUDY AT
MCDONALDS BRANCH BASIN IN THE NEW JERSEY PINELANDS, 1983-86

By Deborah G. Lord, Julia L. Barringer, Patricia A. Johnsson,
Paul F. Schuster, Richard L. Walker, James E. Fairchild,
Bernard N. Sroka, and Eric Jacobsen

ABSTRACT

This report presents data from an acidic deposition study at McDonalds
Branch basin from 1983-1986. These data include mineralogy of soil and
depositional clays; physical and chemical analyses of soils; hydrologic
measurements (precipitation and throughfall amounts, stream stage and
discharge, and water-table altitudes); and water-quality data from
precipitation, throughfall, soil water, surface water, and ground water.
Site locations, collector designs, and well-construction data also are
presented.

Precipitation was collected weekly and amount measured continuously at
the upstream and downstream ends of the basin. Throughfall was collected
and amount measured weekly beneath four major canopy types in the basin:
pitch pine/black oak, pitch pine/blackjack oak, red maple/black gum, and
Atlantic white cedar. Precipitation and throughfall samples each were
composited into monthly samples. Soil water was collected monthly from the
0, A and/or E, and B or C horizons of four major soil series in the basin:
Atsion, Lakehurst, Lakewood, and Evesboro. Ground water was collected
bimonthly from wells located in downgradient order along ground-water flow
paths into a hardwood swamp, a pond community (open-channel area), and a
cedar swamp. Ground-water levels were measured monthly at 65 wells and
recorded continuously at four wells in the basin. Surface water was
collected monthly from up to 10 sites along the stream. Stream-stage levels
were measured monthly at three sites and continuously recorded at McDonalds
Branch gaging station.

Temperature, pH, and specific conductance of water samples were measured
in the field, or in the laboratory following collection. Dissolved oxygen
in surface and ground waters also was measured in the field. Major cations
(calcium, magnesium, sodium, potassium, and ammonium), major anions
(sulfate, nitrate, chloride, phosphate, and fluoride), selected trace metals
(aluminum, iron, manganese, and lead), dissolved organic carbon, pH,
specific conductance, acidity, and alkalinity were analyzed at the U.S.
Geological Survey Central laboratory in Denver, GColorado. Alkalinity also
was determined by the Gran titration method at the New Jersey District
laboratory.

Physical and chemical properties of soils in the basin that were
analyzed include particle-size distribution, pH, exchange acidity, cation
exchange capacity, percent organic matter, base cations, extractable and
exchangeable aluminum, iron, and soluble sulfate. These soils are composed
of greater than 89 percent sand-sized particles, have low pH (pH less than
4.9), have low cation exchange capacities (less than 0.5 to 10.5
milliequivalents per 100 grams), and contain up to 1,686 micrograms per
liter extractable aluminum and up to 4,088 micrograms per liter extractable
iron. Mineralogy of the fine-silt/clay fraction of selected soil and

1



depositional clay samples also was determined. The fine-silt/clay fraction
of these soils is composed primarily of kaolinite, fine-grained quartz,
illite, and aluminum-interlayered vermiculite. Some chlorite, aluminum-
interlayered montmorillonite, and gibbsite also were present. The
depositional clay lenses in the basin are composed primarily of fine-grained
quartz, kaolinite, and illite.

From February 1985 through January 1986, McDonalds Branch basin received
approximately 37.9 inches of rainfall, and discharge at McDonalds Branch
gaging station totaled approximately 6.5 inches. Bulk precipitation in
McDonalds Branch basin over the sampling period had a mean pH of
approximately 4.3, and stream pH generally increased in the downstream
direction, ranging from 3.2 to 4.8. Aluminum concentrations were often high
in the basin’s waters; the highest aluminum concentration, 10,000 micrograms
per liter, was observed at the farthest upstream sampling site. Sulfate was
generally the dominant anion in waters in the basin. Dissolved organic
carbon in stream water generally ranged from 1.1 to 37 milligrams per liter.
Hydrogen ion, aluminum, and sulfate concentrations were generally higher in
shallow ground water than in deeper ground water in the basin. In ground
water, the highest concentrations of hydrogen ion, aluminum, iron, sulfate,
and dissolved organic carbon were found in shallow ground waters near
wetlands and lowlands in the hardwood swamp and pond community (open-
channel) areas of the basin.

INTRODUCTION

The New Jersey Pinelands is a unique and sensitive natural area,
spanning 1,700 mi? (square miles) of the Atlantic Coastal Plain in New
Jersey, as shown in figure 1 (New Jersey Pinelands Commission, 1980).
Overlying mostly sands and gravels, the Pinelands supports a variety of
habitats, including extensive pine-oak and oak-pine forests interspersed
with swamps and cranberry bogs. A number of rare plant species, including
delicate orchids, attract botanists from around the world. The necessity of
preserving the Pinelands as a natural area was recognized by the U.S.
Government in 1978, when the region became the nation’s first National
Reserve. The importance of the area is underscored by the more than 10.8
trillion gallons of fresh water which the Pinelands holds within its streams
and aquifers (Rhodehamel, 1970, p. 24). This water currently is used for
drinking water in some areas and also constitutes a potentially important
reservoir for the growing metropolitan areas in and around New Jersey. A
portion of the Pinelands was purchased by the State of New Jersey in 1954
for conservation and recreational needs, and to meet the future water
demands of the State (Means and others, 1981).

The location of the Pinelands within the heavily industrialized
northeastern corridor makes it probable that the region will be subject to
the deleterious effects of acidic deposition. The streams and shallow
ground water in the Pinelands are acidic, with low alkalinities and
generally low buffering capacities. Concentrations of organic acids also
are elevated at times, especially during the warmer months of the year. The
soils also are acidic and generally nutrient-poor. Johnson (1979a and
1979b) recognized trends toward decreasing pH in two small Pinelands streams
(McDonalds Branch and Oyster Creek) between 1963 and 1978 and suggested that
acidic deposition might be the cause of this phenomenon.
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Purpose and Scope

From 1983-1986, the U.S. Geological Survey conducted a study
of the effects of acidic deposition on McDonalds Branch basin, a small (2.35
mi?) forested watershed located in Lebanon State Forest, near the center of
the Pinelands (fig. 1). This report is a compilation of the hydrogeo-
chemical data collected during that study. The geology, hydrology, soils,
and vegetation are discussed in considerable detail because (1) they differ
greatly with location in the basin, (2) they affect the quality of basin
waters, and (3) they were important in determining the design of the study.

The framework for this study was provided by the work of Rhodehamel
(1970, 1979b) on the Pinelands hydrology, of Means and others (1981) on the
hydrogeochemistry of the Pinelands, of Swanson (1979) and Turner (1983) on
the chemistry of trace metals in McDonalds Branch basin, of Markley (1955)
on the soils of McDonalds Branch basin, and of McCormick (1955) on the
vegetation of McDonalds Branch basin. Madsen and others (1986) also studied
biochemical processes in McDonalds Branch basin. Additionally, water-
quality and streamflow data have been collected at McDonalds Branch by the
U.S. Geological Survey since 1963 and 1953, respectively, as part of the
nationwide hydrologic bench-mark studies program.

The design of the data-collection network used in the 1983-86 study
at McDonalds Branch basin was based on the following project objectives:
(1) to identify the components contributing to the acidity of waters (strong
acidity versus organic acidity); (2) to examine the components of the flow
system and determine their relative contributions to the volume and
chemistry of streamflow; (3) to examine trace-metal mobilization and the
role of organic matter in this mobilization; and (4) to develop conceptual
hydrologic and chemical models to describe the system.

During 1984 and 1985, the basin was instrumented. 1In 1985 and 1986,
water-quality samples of precipitation, throughfall, soil water, surface
water, and ground water were collected. Water samples were analyzed for
major ions, selected trace metals, dissolved organic carbon, pH, specific
conductance, and alkalinity. Hydrologic data also were collected, including
precipitation and throughfall amounts, stage measurements, and ground-water
levels. Geologic and soil investigations included location of major clay
lenses, identification of clay mineralogy, and chemical analysis and
particle-size distributions of mineral soil horizons.
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STUDY AREA

Hydrology

The Pinelands have a humid and temperate climate that is mostly conti-
nental (Markley, 1971), with a small oceanic influence. The mean annual air
temperature is approximately 11.5 °C (degrees Celsius) (53.3 °F (degrees
Fahrenheit)), with the lowest mean monthly temperature, -0.5 °C (31.4 °F),
occurring in January, and the highest mean monthly temperature, 23.5 °C
(62.0 °F), occurring in July. The average annual precipitation to the
Pinelands, based on data from 1951-1980, is 45.8 in. (inches), and the
highest average monthly precipitation, 5.3 in., occurs in August (National
Oceanic and Atmospheric Administration, 1982).

The Pinelands lies within the Northern Atlantic Coastal Plain
physiographic province in New Jersey and is underlain by the Kirkwood-
Cohansey aquifer system. This aquifer system is generally unconfined, with
small localized confined units. The hydrology of the Pinelands is strongly
influenced by the sandy composition of the aquifer system, which, in most
areas, facilitates the rapid infiltration of precipitation. Precipitation
is the only source of water to the aquifer system; all Pinelands streams
originate within the region (Rhodehamel, 1979b).

In McDonalds Branch basin and other upland areas, there often is
recharge to the aquifer system. Ground water discharges to the
peripheral, low-lying streams as shown in figure 2 (Rhodehamel, 1970, fig.
2). Rhodehamel (1970, p. 14) estimated that ground-water discharge
comprises 89 percent of streamflow in the Pinelands region. McDonalds
Branch flows westward from its origin in the central uplands region of the
Pinelands toward the North Branch of the Rancocas Creek, which ultimately
discharges to the Delaware River.

The average discharge of McDonalds Branch is 2.26 ft3/s (cubic feet per
second), or 13.06 in./yr (inches per year), based on 33 years of record
(Bauersfeld and others, 1987, p. 110). The average annual minimum discharge
for a 7-day period with a recurrence of 10 years is 1.0 ft3/s, calculated
for the period 1955-75 (Gillespie and Schopp, 1982, p. 149).

Rhodehamel (1970, p. 6-7) estimated a long-term hydrologic budget for
the entire Pinelands region, using the equation P = R + ET, where the
average yearly precipitation, P, based on data collected from 1931-1964 was
45 in.; the average annual stream runoff, R, was 22.5 in.; and the estimated
average annual evapotranspiration, ET, was 22.5 in.
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Geology

The Pinelands region lies within the Northern Atlantic Coastal Plain
physiographic province in southern New Jersey. The Coastal Plain deposits
in New Jersey are mainly marine or nearshore sediments representing a series
of transgressions and regressions ranging from Cretaceous to Tertiary time
(Owens and Sohl, 1969). These marine sediments are overlain by
discontinuous late Tertiary fluvial deposits (Owens and Minard, 1975).
During the Quaternary Period, surficial sediments were transported from the
Pinelands area by strong winds travelling south from the Pleistocene ice
sheets, and by fluvial erosion. Deposition of sediments in the valleys
resulted in a widespread inversion of topography (Rhodehamel, 1979a;
Salisbury and Knapp, 1917); today, older stream deposits are present at
higher altitudes, and younger deposits lie in the valleys (Rhodehamel,
1979a).

Cohansey Sand

McDonalds Branch basin is underlain by the Cohansey Sand, the youngest
and most widespread of the marine Coastal Plain deposits (fig. 3). This
formation, which reaches 250 ft (feet) in thickness, is underlain by the
finer-grained Kirkwood Formation (Markewicz, 1969). The contact between the
Cohansey Sand and the Kirkwood Formation is sharp and dips gently to the
southeast at approximately 10 feet per mile (Minard and Owens, 1960).

In southern New Jersey, the Cohansey Sand probably was deposited in a
deltaic environment (Owens and Sohl, 1969). Although lithologically
variable, the Cohansey Sand is predominantly a yellow, limonitic, poorly
sorted, quartz sand, interbedded with minor amounts of clays and silty and
clayey sand. Minor amounts of feldspar, chert, vein quartz, and ironstone
pebbles also are present. Ilmenite is present as a dominant heavy mineral
in the area that includes the McDonalds Branch basin (Rhodehamel, 1979%a;
Markewicz, 1969).

Both parallel bedding and cross-stratification can be observed within
the Cohansey Sand. 1In the area of McDonalds Branch basin, thick sequences
of carbonaceous, irregularly shaped, lenticular and laminated clays also
have been noted (Rhodehamel, 1979a). The clay lenses in McDonalds Branch
basin are composed primarily of fine-grained quartz, kaolinite, and illite
(table 1).

Beacon Hill Gravel

The Cohansey Sand is unconformably overlain by a thin, discontinuous
veneer of the Beacon Hill Gravel (Owens and Minard, 1975), outcrops of which
have been identified to the east of and within McDonalds Branch basin. The
Beacon Hill Gravel was deposited by fluvial processes and is composed of
coarse-grained quartz sand and gravel, with pebbles of vein quartz,
quartzite, and fossiliferous chert (Minard, 1966). The Beacon Hill Gravel
is more resistant to erosion than the underlying sandy formations and thus
caps many of the hills in the Pinelands (Minard, 1966).



74°30' 74°29'

39° |
53’
39°
2T

EXPLANATION "‘N

2 \&-.J

5 F. Organic deposits ~l N

s | B Anuvium

c =

- N Alluvium

= | BB Beacon Hill Gravel SCALE 1:24.000

= :24,

= _[:D Cohansey Sand 0 o 1 MILE

- 1 J

3g°| — o — Basin boundary 6 '5 1[ KILOMETER

51
L ]

Figure 3.--Geology of the McDonalds Branch basin (modified from map
prepared by E. C. Rhodehamel, U.S. Geological Survey, 1965.
Permission to publish given by E.C. Rhodehamel.)



Table 1.--Mineralogy of clay/fine-silt fractions of selected clay lenses

in McDonalds Branch basin

Site number! Depth Mineralogy?
(feet)
Quartz Kaolinite Illite Mixed-layer?
expandable clay

QWH-5B 10 4 4 3 1
QWH-5B 39 4 4 2 1
cQ-1 29 5 4 2 1
CcQ-1 30 5 4 2 1
cQ-1 30.5 5 3 2 nd
cQ-1 31 4 3 2 nd
C-6B 28-33 5 4 2 nd
C-6B 39 4 3 1 nd

1 Site locations are shown in figures 8 and 9.

2 Relative amounts: 5 = Dominant, 4 = Abundant, 3 = Moderate, 2 = Small,
1 = Trace, nd = None detected.
Relative amounts for each sample determined from peak
heights on diffractogram. The presence of gibbsite
could not be positively determined due to the low
intensity of possible gibbsite peaks.

8 Expandable clays present in amounts too small to permit separation into
montmorillonite and vermiculite.



Tertiary and Quaternary Alluvium

Alluvial deposits of late Tertiary age are present in lowlands and
valleys of McDonalds Branch basin (J. P. Owens, U.S. Geological Survey, oral
commun., 1986). This alluvium consists of reddish- to yellowish-brown
quartz sand which was eroded from the Cohansey Sand and was redeposited by
mostly fluvial processes. Surficial sediments of Quaternary age also are
present in scattered locations throughout the basin (Rhodehamel, 1979%a;
Owens and Minard, 1975). These sediments include alluvial and aeolian
deposits, as well as dark-brown organic deposits which are located along
stream beds and within undrained depressions (E. C. Rhodehamel, U.S.
Geological Survey, written commun., 1965).

Soils

Markley (1979) describes 13 soil series that cover most of the Pinelands
region. Seven of these soils have been mapped in McDonalds Branch basin
(fig. 4). The distribution of the different soil series is determined
largely by topographic position (figs. 4 and 5). Evesboro and Downer soils
occupy the highest landscape positions, including the higher divides.
Lakewood soils cover most of the upland portions of the basin; Lakehurst,
Atsion, and Berryland soils occupy successively lower topographic positions.
Muck soils lie within most of the McDonalds Branch stream channel. With the
exception of the Muck, these soils are predominantly deep or loamy sands
with moderate to rapid permeabilities (Markley, 1971; Markley, 1979). The
available water capacity of the upland and transitional soils (Evesboro,
Downer, Lakewood, and Lakehurst) is generally very low to low, and the
available water capacity for the lowland and wetland soils is excessive
(Markley, 1979). The seven soils are extremely to very strongly acidiec,
with pH values that generally range from 3.6 to 5.0 (Markley, 1979). In
surface horizons, pH values may be as low as 3.0 (R. D. Yeck, U.S. Soil
Conservation Service, written commun., 1985). Muck soils have moderate
fertility, but the remaining soils have low to very low fertility. Selected
chemical characteristics and particle-size distributions for four of the
seven soils are shown in tables 2 and 3.

Series

Evesboro, Downer, and Lakewood Soils

Evesboro and Downer soils are found at some of the highest elevations in
McDonalds Branch basin, and each covers approximately 9 percent of the
basin. The Evesboro, a Typic Quartzipsamment!, is excessively drained,
whereas the Downer, a Typic Hapludult, is well drained (Markley, 1971). The
Lakewood is the predominant uplands soil, covering approximately 38 percent
of the basin. This soil is a deep, excessively drained Spodic
Quartzipsamment with a bleached horizon at least 7 in. thick (Markley,
1971). The three upland soils generally have low organic-matter content and
support pitch pine-mixed oak forests. The Evesboro and Downer soils are
more fertile than the Lakewood and support more oaks than pines. The
Lakewood, which is more leached and acidic than the Downer or Evesboro soil,
supports more pines than oaks.

1The classifications of these seven soils are based on criteria contained
in U.S. Department of Agriculture, 1975 (Soil Taxonomy).
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Table 2.--Chemical analyses of selected soils in McDonalds Branch basin*

(kg, kilograms; meq, milliequivalents; grams; ug, micrograms; cmol +/kg, centimoles jon charge per
kilogram of soil; < indicates less tﬁanf
Ex- Ex- Ex-
Ho- Ex H+ change- tract- tract-
ot o (De hes) <ﬁ20) (C c& /k )** (CEC/ (gg (g:q/ (:gq/ (mzq/ (::q/ aR{s** a?{? abl? Sgéubée
series zon inches al ) +/kg meq, 4 -
100g) 100g) 100g) 100g) 100g) (ug/g)  (ug/g) (ug/g) (ug S/9)

atsion ettt 319 45 3.6 1.0 <0.5 0.3 0.01 0.004 0.006 <0.01 <1 <1 4 <
Atsion Bh 19-27 4.1 3.7 11.0 10.5 2.1 .04 .009 .005 .01 397 1686 324 8
Atsion c >27 4.5 4.3 6.0 3.5 .9 .03 .005 .,003 <.01 91 1484 1311 1"
Lakehurst E 3-17 4.4 3.4 1.0 <.5 3 .02 .005 .004 <.01 1 55 41 <1
Lakehurst Bh 17-19 4.5 4.0 4.0 3.0 1.0 .01 .006 .004 <.01 79 1129 2496 <1
Lakehurst C >38 4.6 4.3 1.0 .5 3 .01 002  .005 <.01 19 724 1390 8
Lakewood E 4-17 4.3 3.5 1.0 <.5 .3 .02 .006 .001 <.01 7 79 333 <1
Lakewood B 17-22 4.5 4.2 4.0 3.0 1.0 .02 .007 .005 <.01 58 1661 4088 3
Lakewood C >36 4.8 4.6 1.0 <.5 3.0 003 .001 <.0% 12 482 876 <1
Evesboro A2 2-7 4. 3.4 2.0 1.5 .6 .03 .008 .005 <.01 n 164 712 <1
Evesboro C 7-26 4.5 4.4 1.0 1.0 40 .01 .005 .008 <.01 26 1181 2110 <1

*  Analyses were performed by the Agronomy Analytical Laboratory

** Exchange acidity, expressed as centimoles of ion charge per kg of soil.
*** Extracted with 1IN KCL.

t  Extracted with citrate-dithionite.

tt See Glossary for soil-horizon definitions.
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Table 3.--Particle-size distribution in lakehurst, Lakewood, Atsion, and
Evesboro soils in McDonalds Branch basin

[> indicates greater than, < indicates less than, mm indicates millimeter]

Percentage

Medium to
Soil Soil Sand coarse silt Fine silt/clay
series horizon >230 mesh 230-500 mesh <500 mesh
(>0.063 mm) (0.063-0.02 mm) (<0.02 mm)

Lakehurst B3 98.4 0.4 1.2
Lakehurst C 98.7 1 1.2
Lakewood B3 97.6 .4 2.0
Lakewood C 98.1 .3 1.6
Atsion B3 91.5 2.9 5.6
Atsion C 90.6 3.3 6.1
Evesboro Upper C 91.0 2.7 6.3
Evesboro Lower C 89.9 2.8 7.4
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Lakehurst Soil

The Lakehurst soil covers approximately 27 percent of the basin and
generally occupies areas topographically below Lakewood and above Atsion
soils. A Haplaquodic Quartzipsamment (Markley, 1979), the Lakehurst is
moderately well to somewhat poorly drained and has a fluctuating water table
that rises to about 2 ft below the land surface in late winter (Markley,
1971). The Lakehurst has a bleached E horizon at least 7 in. thick, has
very low organic-matter content, and supports mostly pitch pine and oak,
gum, and hickory.

Atsion, Berryland, and Muck Soils

Atsion, Berryland, and Muck soils occupy lowland and wetland areas, and
together cover approximately 16 percent of the basin. The Atsion soil is a
poorly drained Aeric Haplaquod; the Berryland is a very poorly drained Typic
Haplaquod (Markley, 1971). 1In Atsion soils, the water table is at or near
the surface during winter and spring (Markley, 1979). Berryland soils are
usually saturated in winter and spring, and the water table is usually
within 2 ft of the land surface in summer. The Atsion and Berryland soils
have moderate and high organic-matter contents, respectively, and typically
support pitch pine, red maple, and black gum. Scattered Atlantic white
cedar can also be found on Berryland soils (Markley, 1971). 1In one area of
the basin, the Atsion and Berryland soils are mapped as the "Atsion-
Berryland complex" (fig. 4). Although these soils have different
morphologies, they are not mapped separately in this area because of
limitations of map scale (H. C. Smith, U.S. Soil Conservation Service, oral
commun., 1986). The Atsion and Berryland soils have standard geomorphic
association--the Atsion soils are present at slightly higher elevations than
the Berryland soils.

Muck soil, which lies within most of the stream channel, generally con-
sists of 16 to 36 in. of decomposed organic matter over a sandy substratum
(Markley, 1971; H. C. Smith, U.S. Soil Conservation Service, oral commun.,
1986). This soil, classified as a Terric Medisaprist (Markley, 1979),
usually is saturated and supports dense stands of Atlantic white cedar.

Soil Mineralogy

The mineralogy of Pinelands soils is discussed in detail by Douglas and
Trela (1979). The sand and silt fractions are dominated by quartz, the
dominant mineral of the Cohansey Sand. Heavy minerals, including ilmenite,
leucoxene, zircon, rutile, anatase, staurolite, tourmaline, and chlorite,
comprise one to two percent of the sand fraction. Sand and silt fractions

contain less than 1 percent feldspar and muscovite (Douglas and Trela,
1979).

Clay-sized minerals in the Pinelands’ soils include kaolinite, aluminum-
interlayered dioctahedral vermiculite, aluminum-interlayered smectite
(montmorillonite), and gibbsite (Douglas and Trela, 1979). The mineralogy
of the clay/fine-silt fractions of selected soils in McDonalds Branch basin
is shown in table 4. The data in table 4 are from X-ray diffraction
analyses performed as part of this study and indicate the presence of illite
and chlorite, as well as the minerals mentioned above.
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Table 4.--Mineralogy of clay/fine-silt fractions of Lakehurxst, Lakewood,

Atsion, and Evesboro soils in McDonalds Branch basin

[Abbreviations:

I11. = Illite, Chlor. = Chlorite, Mont. = Aluminum-interlayered

Qtz. = Quartz, Gibbs. = Gibbsite, Kaol. = Kaolinite,

montmorillonite, Verm. = Aluminum-interlayered vermiculite]

Mineralogy!?
Soil Soil
series horizon Qtz. Gibbs. Kaol. I11. Chlor. Mont. Verm.
Lakehurst B3 3 1 5 nd nd nd 3
Lakehurst C 3 1 5 3 nd nd 3
Lakewood B3 3 2 5 1 nd nd 2
Lakewood C 3 1 5 2 nd nd 2
Atsion B2 4 1 4 3 1 3 1
Atsion C 4 1 4 3 2 3 2
Atsion IIC3 4 1 2 3 3 3 nd
Evesboro Upper C 3 1 3 1 nd 1 3
Evesboro Lower C 3 1 3 1 nd 3 nd

lRelative amounts

5 = Dominant, 4 = Abundant, 3 = Moderate, 2 = Small,
1 = Trace, nd = None detected.

Relative amounts for each sample determined from peak

heights on diffractogram.

2There is some evidence that vermiculite that is not interlayered may be

present.

3Abrupt change in parent material from sand to compact clay.
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Vegetation

The vegetation of the New Jersey Pinelands is unique in appearance and
composition and has been described in detail by a number of authors
(McCormick, 1979; Olsson, 1979; Olsvig and others, 1979; Good and others,
1979; Little, 1979; and Whittaker, 1979). Figure 6 is a map of the
vegetation in McDonalds Branch basin. Because of the importance of these
communities in determining the locations of the throughfall sampling
stations used in this study, the various plant communities are described in
detail below.

McCormick (1979) separated the vegetation into two distinct floristic
complexes: an upland complex and a lowland complex. The depth to the water
table is the primary factor that determines which complex occupies a
particular region: wupland complexes occupy areas where the water table
always lies more than 2 ft below the surface, whereas lowland complexes
occupy areas where the water table is near or above the land surface during
at least a part of the year (McCormick, 1979). The location of the water
table determines the availability of water to the root zone as well as the
probability of fire and thus acts as a selective agent in determining which
plant species will survive and dominate the plant community (Little, 1979).

Upland Complex

The plants of the upland complex cover approximately 85 percent of the
Pinelands. Pitch and shortleaf pines (Pinus rigida, P. echinata) and
blackjack, black, white, chestnut, and post oaks (Quercus marilandica, Q.
veluntina, Q. alba, Q. prinus, Q. stellata, respectively) dominate the
canopy vegetation in the uplands. The understory contains largely lowbush
blueberry, black huckleberry, and scrub oak. (See McCormick, 1979.)

Lowland Complex

The plants of the lowland complex cover approximately 10 to 15 percent
of the Pinelands and include wetland communities and pitch-pine forests
(McCormick, 1979). Three major wetland communities exist: Atlantic white-
cedar swamp forests, broadleaf (hardwood) swamp forests, and shrubby wetland
communities (Olsson, 1979; McCormick, 1979). 1In the first of these
communities, Atlantic white cedar (Chamaecyparis thyoides) forms a dense
upper canopy over a lower stratum of red maple (Acer rubrum), black gum
(Nyssa sylvatica), and sweetbay magnolia (Magnolia virginiana) (Olsson,
1979; McCormick, 1979). The undergrowth is composed of a variety of shrubs,
including highbush blueberry, clammy azalea, and sweet pepperbush. The

underlying peat and muck are covered with Sphagnum mosses and various herbs
(McCormick, 1979).

Broadleaf swamp forests which consist of red maple, black gum, and
sweetbay magnolia commonly border cedar swamp forests and the upper portions
of small streams. The undergrowth includes such shrub species as highbush

blueberry and sweet pepperbush. Spongy mats of Sphagnum mosses comprise
portions of the ground layer.
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Shrubby wetland communities occur in wetland areas that are exposed to
sunlight, such as the channels of intermittent streams and openings within
cedar and broadleaf swamps. Sphagnum mosses form a dense ground cover below
such shrubs as leatherleaf and highbush blueberry.

McCormick (1955) identified two regions that contain pond communities in
McDonalds Branch basin, one in an intermittently ponded section of the
streambed and another in a small depression (fig. 6). Various rooted
hydrophytes are present in these pond communities, along with Sphagnum mats
covered with rush and sedge species. Leatherleaf comprises a significant
portion of the emergent vegetation.

Pitch-pine forests include pine-transition forests which occupy the
transitional zones between upland forests and swamp forests, as well as
pitch-pine lowland forests which are located in circular depressions and
other poorly drained areas. The pine-transition forest is characterized by
pitch pine in the canopy, and an understory of red maple, black gum, and
gray birch. The shrub layer is dominated by sheep laurel and dangleberry.
The pitch-pine lowland forest is similar to the transition forest, except
that pines in the lowland forests are more dense and do not grow as tall as
those of the transition forests. The lowland forests occupy slightly wetter
areas than the transition forests and thus contain a larger percentage of
shrubby-wetland-type vegetation and Sphagnum. (See McCormick, 1979.)

DATA COLLECTION

Network Design

During 1984-85, a network of water-quality and hydrologic data-
collection sites was established in McDonalds Branch basin. The sites were
located to best sample precipitation, throughfall, soil water, surface
water, and ground water within the basin (figs. 7 to 9). Table 5 summarizes
the number of each type of sampling site.

Precipitation

Precipitation was collected at two sites, one at each of the
topographically upper (upstream) and lower (downstream) ends of the basin
(fig. 7). Each site was located in a cleared area and contained wet and
bulk precipitation collectors and two rain gages. Wet precipitation was
collected using the Aerochem Metrics 3012 automatic sensing wet/dry
precipitation collector; this collector is recommended by the National
Atmospheric Deposition Program (NADP) for collection of wet precipitation.
A Belfort universal event-recording rain gage, 5-780 series, was connected
to each Aerochem Metrics collector in order to record continuous
precipitation volumes and the time and duration of precipitation events.
Both the Aerochem Metrics collector and the Belfort gage were powered by 12-
volt marine wet-cell batteries and installed on a wooden platform. The
orifices of both the collector and the Belfort gage were positioned
approximately 9 ft above the land surface. Elevation of the collecting
orifice minimized contamination of samples by particulate matter and by
precipitation rebounding from the forest floor or vegetative surfaces.

2Use of trade names in this report is for identification purposes only and
does not constitute endorsement by the U.S. Geological Survey.
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Table 5.--Data-collection sites in McDonalds Branch basin

Type Number

Aerochem Metrics 301 wet/dry

precipitation collectors 2
Bulk precipitation collectors 2
Belfort event-recording rain gages 2
Plastic wedge rain gages 6
Throughfall collectors 4
Soil lysimeters 33
Water-quality wells 26
Water-level wells 43
Water-level recorders 4
Surface-water sites 10
Staff gages 3

U.S. Geological Survey Hydrologic Benchmark
station (01466500) 1
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The bulk collector (fig. 10) at each site was constructed from an
inverted 20-L (liter) low-density polyethylene bottle with the bottom
removed. The collector was connected with Tygon tubing to a 4-L collection
bottle. The entire bulk collector assembly was attached to a wooden post,
positioned so that the mouth of the collector was approximately 6 ft above
the ground. A plastic wedge rain gage was attached to the back of the post.

In conformance with NADP protocol, the collectors were placed in a
cleared area such that vegetation was not present above an angle of 45
degrees from the plane of the collector orifice. Such placement limited
contamination of samples from vegetation and allowed for accurate
measurement of precipitation volumes.

Two sets of wet collection buckets and bulk collectors were maintained
for each site and rotated weekly. After six months of use, these buckets
and bottles were replaced with new collecting buckets and bottles.

Throughfall

A variety of throughfall collector designs have been reviewed in the
literature (Eaton and others, 1973; Clesceri and Vasudevan, 1980; Reigner,
1964; Reynolds and Leyton, 1963; Helvey and Patric, 1965a, 1965b; Wilson,
1950). A trough design was chosen to account for the spatial variability in
throughfall chemistry and volume under a single canopy type (Reigner, 1964;
Reynolds and Leyton, 1963; Helvey and Patric, 1965a and 1965b; A. H.
Johnson, University of Pennsylvania, oral commun., 1984; 0. P. Bricker, U.S.
Geological Survey, oral commun., 1985; M. Grant, University of Colorado,
oral commun., 1985).

Four throughfall collectors were installed, one beneath each of the
major canopy types in the basin: cedar swamp forest, hardwood swamp forest
(red maple/black gum), pitch pine/black oak forest, and pitch pine/blackjack
oak forest (fig. 7). Each trough was located beneath an area of relatively
continuous canopy. The collectors (fig. 11) were constructed of 10-ft
lengths of 4-in.-diameter Type I, schedule 80 polyvinylchloride (PVC) pipe,
because of the PVC’s chemical resistance and low cost (Barcelona and others,
1983). Each pipe was cut to make a longitudinal opening 2 in. wide; this
cut allowed the trough to be slightly deeper and wider than its opening so
as to minimize splashing. The trough opening was covered with polypropylene
screening (mesh openings of .07 x .10 in. or 1.8 x 2.5 mm) to prevent
foliage and debris from entering the collector. Each trough was braced
along its length with PVC blocks and capped at its ends. Each trough was
inclined at an angle of approximately 10 degrees and placed on wooden horses
so that the trough outlet was about 3 ft above the ground surface.

Insulated Tygon tubing led from the outlet of the trough to a 20-L
polyethylene collection bottle which was placed in an insulated wooden box.
These boxes were left on the ground at the two swamp sites (cedar and
broadleaf swamps) and were buried in the ground at the two upland sites
(pine-oak forests). Inside the box, the tubing was looped, forming a vapor
trap to minimize evaporation.

A plastic wedge rain gage was attached to each throughfall collector in
order to measure throughfall volumes.
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/Wedge rain gage

Figure 10.--A typical bulk precipitation collector.
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Soil Water

A variety of soil lysimeter designs have been described in the
literature (Kohnke and others, 1940; Briggs and McCall, 1904; Wagner, 1962;
Hansen and Harris, 1975; Cole, 1958; Zimmerman and others, 1978; and Jordan,
1966). The advantages and disadvantages of the various designs are reviewed
by Jordan (1966), Leibfried (1982), Morrison (1983), and Turner (1983). A
gravity trough lysimeter was developed for use in this study in order to (1)
minimize contamination of the sample by the lysimeter material, (2) minimize
adsorption of ions in solution to the lysimeter material, (3) minimize
degassing and gas pressure changes, and (4) provide large sample volumes (O.
P. Bricker, U.S. Geological Survey, oral commun., 1984).

A total of 33 soil lysimeters were installed in 12 pits in the basin to
collect soil water (fig. 7). Three pits were located in areas covered by
each of four soil series: Lakewood, Lakehurst, Atsion, and Evesboro.
Lysimeters were placed at the bases of the O, E, and B horizons of the
Lakewood, Lakehurst, and Atsion soils, and at the bases of the A and C hori-
zons of the less well-developed Evesboro soil. Each lysimeter (fig. 12) was
constructed of a 5-ft length of 4-in. diameter Type I, schedule 80 PVC pipe.
One end of the pipe was left uncut and was capped; the remainder of the pipe
was cut lengthwise to a tapered end to facilitate installation. In order to
minimize soil disturbance during installation, lysimeters were pushed into
the lower O, E, and B horizons using a modified truck jack. All lysimeters
were installed at an angle of approximately 5 degrees from horizontal.

After installation, a hose barb containing nylon netting was inserted
into the outlet of the lysimeter to prevent movement of soil particles into
the collection bottle. Tygon tubing containing a check valve led from this
outlet to a polypropylene collection bottle. Two additional tubes (to be
used for sample collection) led from the collection bottle to the ground
surface. The pit was then backfilled so that collection bottles and tubing
were buried. Samples were evacuated using argon gas to prevent exposure to
the atmosphere. Several problems were encountered with this design,
including (1) development of holes in the tubing, (2) gas leaks from holes
and fittings, (3) inability to collect a sample when some may have been
present, and (4) inability to rinse collection bottles between sampling
rounds. Therefore, this design was used only from October 1984 through
October 1985. 1In late October 1985, this collection system was replaced by
a simpler system in which a polypropylene bottle, connected to the lysimeter
by Tygon tubing, was placed in a buried plastic trash can (fig. 12).

Surface Water

Surface water was sampled from up to 10 sites on McDonalds Branch.
These samples included water that flowed through three types of wetlands:
broadleaf swamp, pond community, and cedar swamp (see figs. 6 and 9).
During the sampling period (January 24, 1985 through March 21, 1986),
portions of the stream were dry at times because of drought conditions.
Therefore, not all sites were sampled during each sampling round. 1In
addition, sampling was discontinued at some sites because of chemical
similarities among sites. Stream-stage levels were recorded monthly at three

sites and continuously recorded at the gaging station. Figure 8 shows the
locations of staff gages.
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Ground Water

The ground-water-quality network was designed to collect samples from
the water-table aquifer along transects that were roughly coincident with
paths of ground-water flow, from recharge to discharge areas.

During 1984, a network of ground-water observation wells was installed
to determine the configuration of the water table and to define the
direction of ground-water flow in each of the three transect areas (fig. 8).
These areas are referred to in this report as the "hardwood (broadleaf)
swamp," the "open channel" (a pond community), and the "cedar swamp." Wells
in the hardwood-swamp transect contain an "H" <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>